A 13-yr-old boy who complained of persistent nausea, vomiting and weight loss had hypercalcemia and an elevated intact PTH level. Computed tomography confirmed two tumors in the thyroid gland. The tumors were surgically removed and pathologically confirmed as parathyroid adenoma. Because his maternal aunt and grandmother both had histories of parathyroid tumors, genetic investigation was undertaken for him, and a germline frameshift mutation of the CDC73 gene was identified. CDC73 gene analysis should be done on individuals who are at risk of familial hyperparathyroidism, including those who are asymptomatic, and they should be followed for potential primary hyperparathyroidism and associated disorders including resultant parathyroid carcinoma.
Introduction
Primary hyperparathyroidism (PHPT) is common in the elderly, especially women, but is rare in children (1, 2) . Most cases of PHPT are sporadic, and familial cases make up less than 10% of cases (2, 3) , but onset in childhood or adolescence raises concern about familial diseases with a genetic background, e.g., multiple endocrine neoplasia (MEN), hyperparathyroidism-jaw tumor (HPT-JT), familial isolated hyperparathyroidism (FIHP), and familial hypocalciuric hypercalcemia (FHH) (4) . To date, several CDC73 gene mutations in patients with HPT-JT and FIHP have been reported (2, 3, (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . HPT-JT and FIHP are autosomal dominant disorders, and hyperparathyroidism in these patients is often diagnosed in adolescence (15) . We cared for an adolescent boy with hyperparathyroidism whose maternal grandmother and aunt, but not mother, had a history of parathyroid adenoma.
Case Report
A 13-yr-old boy attended our hospital for investigation of the cause of hypercalcemia. Ten days before admission, he developed fever, cough, nausea, and vomiting. Diagnosed as having bronchitis, he was prescribed several medicines at a local clinic. Cough and fever remitted, but his nausea and anorexia persisted, and he lost weight (about 1 kg per a wk). His pediatrician arranged blood tests and discovered hypercalcemia.
After admission, his laboratory data in our department revealed hyperparathyroidism, that is, serum calcium 15.8 mg/dl, phosphate 3.0 mg/dl, intact PTH 639.2 pg/ml (reference range: 15-65 pg/ml). Total lumbar bone mineral density was only slightly decreased at 0.715 g/cm 2 (Z-score -1.3). There were no other endocrinological abnormalities in his laboratory data. Cervical ultrasound revealed two tumors in the left lobe of the thyroid gland. Enhanced computed tomography also confirmed two mass legions in the left lobe of thyroid gland (Fig.  1A) . Two spots were detected in 99m Tc-MIBI SPECT/CT fusion images (Fig. 1B) . Based on the diagnosis of multiple parathyroid tumors, surgery was performed, and two solid tumors were resected. Pathological examination of the tumors revealed polygonal chief cells having an acidophilic cytoplasm and variable nuclei in cords or gland-like patterns, which characterize the features of parathyroid adenoma (Fig. 2) .
After parathyroidectomy, hypocalcemia developed as a consequence of an abrupt decrease in intact PTH, and transient supplements of calcium gluconate or calcium aspartate in addition to alfacalcidol were needed. His serum phosphorus level temporarily fell slightly after surgery and then gradually rose to 5 mg/dl.
He had a family history of hyperparathyroidism (Fig. 3 ). His maternal grandmother had undergone double parathyroidectomy when she was in her 40s. A maternal aunt had multiple parathyroidectomy when she was between 26 and 40 yr old. Meanwhile, his mother and his younger brother (8 yr old) had no apparent symptoms. We performed a blood examination for his younger brother and concluded that he had no apparent hyperparathyroidism because his serum intact PTH, calcium and phosphate levels were all in normal ranges (intact PTH 62.1 pg/ml, Ca 9.3 mg/dl, P 5.3 mg/dl). A cervical ultrasound investigation was also normal. His mother did not agree to any blood tests for herself. After obtaining informed consent from his parents and assent from the brothers, total DNA was isolated from leukocytes of them, and a genetic investigation was performed. No mutations were found in the MEN1 gene, while a germline frameshift mutation (Exon 2 c. 194dupA (codon 65)) was identified in the CDC73 gene (Fig. 4) .
We examined if the brothers had any other disorders related to HPT-JT syndrome, but no abnormal findings were identified.
Discussion
We reported a boy who had a frameshift mutation of the CDC73 gene, i.e., Exon 2 c.
194dupA (codon 65
). This is a novel mutation in the germline, although it was initially reported in the somatic cells of a 63-yr-old man with parathyroid carcinoma (2). Our patient was the third childhood case with familial hyperthyroidism caused by a CDC73 gene mutation in Japan (5, 6). CDC73, which encodes parafibromin, is one of the cancer suppressor genes (16) (17) (18) . About 55% and 20% of cases with CDC73 mutation develop HPT-JT syndrome and FIHP, respectively (15) . These are autosomal dominant disorders, and hyperparathyroidism is often diagnosed in adolescence (15) . Although FIHP manifests only PHPT, HPT-JT syndrome is characterized by other renal and bone disorders (15, 19) and by uterine cancer in women. However, co-existence of these disorders might not be detected until adult life (7) (8) (9) (10) (11) , and this is more likely to become apparent as time passes. Our case has no other clinical symptoms except PHPT.
About 15% of cases with a CDC73 gene mutation are complicated by parathyroid carcinoma (7, 8, 14, 20) , including a few reports in young adults and adolescents (5, 12, 13). Kutcher (12) and Kelly (13) reported interesting cases with CDC73 gene mutations who developed two parathyroid tumors, and one of the cases evolved into a parathyroid carcinoma. In our case, both tumors were diagnosed as adenomas histologically; however, further close follow-up to detect relapse of PHPT or growth of parathyroid tumors will be needed.
Most cases of PHPT with a CDC73 gene mutation have family histories; in particular, one of the parents usually shows apparent PHPT (11) (12) (13) 15) . But the mother of our case was supposedly healthy and free of any apparent symptoms of PHPT. She had not been recognized as a possible carrier of a CDC73 gene mutation until our case was diagnosed with PHPT. Diagnosis of PHPT with a CDC73 gene mutation may be difficult because of incomplete penetrance of PHPT and the unsettled age for onset of PHPT itself. Low penetrance of PHPT among patients with a CDC73 gene mutation, which is estimated at 70-90% (7, 11, 14) , might yield carriers who would be unaware of the possible inheritance of hyperparathyroidism in the next generation. The younger brother of our case, who has the same CDC73 gene mutation, might develop PHPT or parathyroid carcinoma in the future. We will follow-up each family member from different points of view, that is, early detection of recurrent PHPT and other disorders for the present case, early discovery of PHPT for the growing younger brother and recommendation of examination to find asymptomatic hypercalcemia or PHPT for their mother.
Genetic testing and biochemical screening are recommended for young patients with PHPT and in all patients with a newly diagnosed multigland disease in accordance with the proceedings of the Fourth International Workshop on the Management of Asymptomatic Primary Hyperparathyroidism (21) . We should also perform CDC73 gene analysis for asymptomatic individuals who are at risk of familial PHPT and share the genetic information with them and their families to manage not only possible future onset of PHPT and associated disorders but also the issue of transmission of the gene mutation to offspring.
